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i mm 1 1 yjtmtvms tatm i «s 
k. irai««±fc«»*Ji»^LT»*«*ifc 

ylftlXUlSJ fufcS 1 ttfi J: 0 tt^BBbW** v « 
2Mk**£T'JS5£fc*1«»k^*¥#H*f. 

[as* 21 uaswfWWir^s-^AiMiaft. r 

;|/5-^*lMt». Ta 2 0 5s BST, SrTi 
0 8 . PbTi0 3 , PZT\ PLZT. Y 2 0 3 » CeO 
2s Nb 2 0 6 , Ti0 2 , Zr0 2 . Hf0 2< Si0 2 , 
S i Nfcltf S i 3 N 4 *»^S»J: 1 *fc 

tt 2 JjLh i 0 £ k t^Mlfc-fftWOTI 1 KIEttO* 

J:WWttlWIJl3&»4> s 3r6»J: OSftSftS 1 1 Kli 
2l2U:J:9**a\ afcttWE^UayWftltiOtt* 

[«**4 3 firie&JSJgtiiA uni,co,cu. 

Mo. Rh. Pd, Siu Au, Pt v Rufcitfl r 
9»R3;h.TJ« , 3. ItEWIfcSAIllttiT 
i. TiN. TiAlN. TaN, TiSiN, WN. 
WBN, CoSifcitmA^'SrSSfiOStRS^-CBg 
0. KHBWttMfldWiRuO,, Rh0 2 fcJ:tfl rO 

[ ig^JH 5 3 flfiBg 1 n.m±lzmim 1 mffi<o*ffi£ 

IfcWBJiUfirCSrfc Z k *¥Mk-r&fflCJR 1 ~4<0V> 
•fix** 1 BfcKtt WW»*P. 

$ftfci^&4£k*i»k**ii^i~6^^ 

Hk-f£¥g*3gi% 

[ i o 3 mituwm±-&w,Wi , jik 
a 2 a± i o ***** * fctt ^ y a i o ft*w 



i o&m&&w&?. 

mm 1 2 3 mesftidiMt x y 3 >mm. ^ u 

ifM 1 1 fcBtt^NMMPF. 
[It#E 1 3 3 ffi£»«MWiH?Ji3»afc J: 0» 

mm 1 4 3 iN?*K*Ssiif-* yrt-iz&us 

[ff^Jl 15 3 v >J 3 yfflRfc , |if£$/ y 3 y»g± 

uy- himmi.izB&ziiKmii'V 3 ymx oft 
v^- hmmt s•#^•c*l»i k sits*: 

mm 1 6 ) iriey- hv&ti&ML mm&&m 

<t42tU:J:0jS**\ 4fctt^Uay3fi«KJ:0ft» 
BHfcW** v^HHfc^Mfctfl* - fyi/$^c^y x 
y 3 >«k *««iWB)ft§<ifeZ«irr*4 i k Sr^ffik 

[fi*« 173 irie v- y 3 y»flLk(=frie^ y 3 
mzt$>%&mtfB&ztix%&z k Sr^mk-rsa 

[»*« 1 8 3 KTKSjeflJBi^ U 3 y|WUI. v 'J 

3 ymmx&ztibn&iamx'h&zb zmmttt 
mxmi7iztffl<n*mim=F. 

m&zntzmx'b&zkzmLk-tmmi 5-1 

imm 2 0 1 ffiBs^i^ffitif-^ y> <-izm 
ax k a-- *jyyifx t zm&m-t h-nmx-h hzt 
zmiki-mmi 9iz%ffico¥m#m. 
imm 2 1 3 mmm±.^v 3 ymmnx-m^L 
ztLtzm 1 Wfeimfcthmftk , fnemimtfc, 

SWfWBLhfc, fflEx y 3 y^ft«Tlf j£2ix*:m 1 « 
ffii 0 Wtmi&kS v ^ 2 JBJftt 4 SPBk Sr-ir 

[I9*«2 2 3 KflS^EftffiiaT^S-^AiH^, 

T)l$-^J±*mm. Ta 2 0 5 . BST. SrTiO 
3 . PbTi0 3 , PZT, PLZT, Y 2 0 3 , Ce 
0 2s Nb 2 0 5 . Ti0 2 , Zr0 2 , HfOj, Si 
0 2 , SiN&£T/Si 3 N i frt>%mX*)MBlZtl& 
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i mm 2 3 ] mm 2 mmu&m® . m&&&m® 

&2&±£ ttiiii/v nymmx 
m^^mmt^mifi h- try^$n^'j ^y 

[fS*524 ] fffi&HKliA l.Ni.Co.C 
u s Mo, Rh N Pd, Sn> Au N Pt, RuHXt/ 

i rti>h%&mxwmtixfiw> mamoMm 

JiTi . Ti TiAIN, TaN. TiSiN.W 
TIRO. flffiOTttlHiJtttRuO,. Rh0 2 i5j:tn 

mm 2 3 ^ s m<o^m#m^mmu&. 
imm2 5 ] mm 1 m&zBm&mm. mi 
m 1 m&±.izmmm®?)i&fiL&miz-r 
&z't>izBm-t&zk$:mtk~r&m$im2 \~~2 4<?> 

it m 2 5 iz*m<D¥m#m?c?>wkijm. 

[ mm 2 7 ] immkmim*mmmz* 0 m 

f&t&Zt£fflgkb-t&miLmifrt>2 6<?>^i t tlfr 

1 mzmt<&mtm=Fv>mmm;. 

[11*52 8 ] fnejSi i i^a{i;f- j r >j<-izm 

fix b > <- & ^ItiXftlM-fc & ; t 

zmt-ti mm 2 1 \zmw^\mt<rmfe-n 
m. 

[tif*52 9] *Emfrlft&«£t6l8Hr& «Sfc 
MSS-f &£i:£#&i:-fl>fS*52 1 ~2 8«Hvtffc 

c §i*5 3 o ] ¥g#sis±ic , vmmx-ft 
&ztitz**^i't<7)T&mm£BfSrt-im§b\ tote 

Iffflb. mmmtSitliZ ^'ja y jMHTttMUt 

z<&A,Tf&,&zb 

imm3 1 ] l&EJMStt&ML iSH^JRH 

tt2J2L£CJb*fr. ifctt^U ayJMMtJ: OttOTW 
v «tHfc TOMtoP K - \HV?ZtiA.it! y >- y 3 

ft *5 3 0 fcffitt*>^fl*?*>l8tm 

[ mm 3 2 ] mmm* tismL mi 
Tm&iizmiTm/mmzmfc&fczitxmfim 

%.m<r)B&m%tz1-2>£%iWZBfctZ ZbZ® 



®b?mm3 ot 1M3 1 izsmmmtmwm 
mm. 

imm 3 3 ] HirfE£5£«i y 3 i/ y 

3y&{\^ltZtLt>0m£lBIX'S>&Zbt:imb?i 

m&3 2i,z*ffi<wmm?nwkijm. 
[89*53 4] mimwmm?Mfmmz£ <ob 

mm 3 5 ] mm^-mMmt^ >^-izr& 
fixb^- ity-yifx b zm&mtz-mx'hz, z b 
ztmb?&mm3 4 tKtoo^******* 
m. 

mm3 6 ] mimmmBmi>®.mk. m 
^*+*zbiwmb+&m$m3o~~3 5MYrti 
*> i miz§im¥m#m?<7mktim. 

[11*53 7 ] x'J3 yffifiLtfc, 

LTy- h«fiKRS:«jftt-«att b . wEy- hKIKK 

-tic,. KTE^U avMRJ: Ott*BHtoW** v^- 

[i»*5 3 8 3 may- hmmt&mm. mm&&m 
mtimwMHmfrttifti <ommtii 1 1 l 
< (i2ia±t**s*\ ifctti^ y 3 ^jMMij: ott*ra 
»j6»** v^»«ik?«iw« h - ey^$n?t^y ^ y 
a ^'li^^^ s z b zmiLb t 

&mm 3 7 fcB«wi*(*FoKi*ft . 

[11*53 9 ] Ma^'- Mft»«*»flW*«fc, 19 

ib^ y 3 ya^^m^ktt'fb? *r striey- h tmmm 

tfL£®%lzt&%fcitm£B&L-t& Z b teWBtftm 

m3 7tMi3 8 iz^Mcvmim^mm^m. 
i ti*54 o ] mz$%.-mi* * y 3 ^ y 
3 ymmxiiztL^m^mx-hizb ztmb-fz 
mm 3 9 tiEa<oiiHi«*Fo»Kfirj£. 
[ff*54 1 ] Butey- himmm?mm%mz£ 
mm-&zb£¥fWib-fmm3 7~~4o<r)^-fti 

[H*54 2 ] friey- h^^^^-r^gp^. 
tm>m£i-&zb£iimb?&mm37^4 iw> 

[000 1] 
[0002] 
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[0003] kz.*>~c. mi±^nmb jmwMt <m 

[0004] WC, ^ta^WMcavvaiWWMI 
SV^ >^;HWfcR ( T a 2 0 5 ) S m ( B a S r 

t i o 3 ) zmmt txmthmm^htix 

V*. L*»U ^«I(Tai0 5 )^BSTl 
(BaSrTiOs) fcV^fc«tt*fW**»JB*-i* 

piHtf* 1 )* ^u>>'j3^*«ikLtttWi^ BST 

[0005] -edt, flaw)t>^>fcifc^'C J: OflHtfc* 
[0006] 

t o o o 7 ] ^aHH^fls^awtiiMFarwne*** 

[0008] 

s& i mffit . me* i wthfcfioaiit t r » 

[0009] MCRCfHKiT^ 5 iJSMHlK 7* 



S-^^dWHIl. Ta 2 0 5 , BST. SrTiOg. 
PbTi0 3 , PZT. PLZT. Y 2 0 3 , Ce0 2 . N 
b 2 0 6 , TiOj, Zr0 2 . HfO,, Si0 2 , SiN 
fe WS i 3 N t *6*«W: 9StlK2ft*> 1 *fci42ja 

[0010] ii£SS2 WBi&WB, WBbSAWRti i 

3 yffit fc tfWKMRS ftfcZMTC* 6 i i: *W4 1 

[OOlllfKAWWiAl. Ni. Co, Cu, M 
o, Rh. Pd, Sn. Au, Pt, Rufc^I r*> 

i TiN, TiAIN, TaN, TiSiN, WN, 
WBN> CoSi45itfW*»fe46«J:0a!«lS*i'Cja 
0. !(fiBS«ttMI«iRu0 2 . RhO,fcJ;tn rO 

[0012] Mam i tttbfcitE* i nmnmz® 
^mt^xmimmmmmmmzi- & %mm 

tfm&ztix%h z t mt i^. 
[0013] ffiBs&m&v 3 >mm. 

[0014] mm%mim?Jgmmzx 

[0015] l5IBS?lH«ffiJi^-v^^*-^KiE^X 

t a-- isyyaxt ^mkm-ti^x-hiztm 

[0016] *fc*»Wi. JNWHHUite^U 3^ 
[0017] maWMBiT^S-^Wlflli. t;p 

S^-MOjHMIi. Ta 2 0 6 , BST, SrTiOj, 
PbTi0 3 . PZT, PLZT, Y 2 0 3 . Ce0 2 . N 
b 2 <V Ti0 2 » Zr0 2 . Hf 0 2 . Si0 2 . SiN 
tiXXSS i 8 N«*»fe**»J: OSIiRSft!. 1 *fctt2Ja 

[0018] ffi£jS2«»i£aR. ©li^^SISfcJ: 
lA«ttKfl«*»fe i Sr*»J:0aiR5*i* 1 i t<«2 

^ v «9R k mm H - f y /Sftfc* U ^ 'J 3 y 

[0019] Uie&SUWiA l.Nl.Co,Cu.M 

0. Rh.Pd.Sn.Au, Pt. Ru&llfl rfr 

1, TiN, Ti Al N, TaN, TiSiN, WN. 
WBN, CoSitiJ:VW*»4>4*»J:9»llS*fC« 
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0. fraHIWHWklWiRuO,. Rh0 2 £>«ktXl rO 

[oo2o] i mmiBf&tmmt. Mien i 

[ 0 0 2 1 ] WBSJSflaWiS'y a>«fl». 
[0022] memWR(ifl(?«DI»&(cJ: OJ^^-t 

coo23] Me^i^&ttf-^ w«-teRiexrx 

[0024] wfcmmzBjs&mmt. ®mm 
t-tizt-tm* u>. 

[ 0 0 2 5 ] ±ISIKB*#+^^fcjtffl-r 6 k 

Sfc&tt. fffE^l«fi&at/^2«ffi(i^'j3y««. 
[0026] 

[«W<OH»W»JB] JUT. «ftLfcHnBt«HUT* 

. msx i & ixmrn^ti 

Tm&immiwmztt$iL. 4**i'9e>±n 
mmmi2mmznmz> . ta. hjyiszfizm 
mzti&b&t* ^ y 3 yWfctfMffi i w&tz , y- 

[ 0 0 2 7 ] II 1 J4*»»0iNi«*F«» 1 <^OBB 
[00 28] ®llZt5^Xli*Ws?ffi&£%t&¥ 

mtm? mizmfxmwt&tf. ±m uz x o iz h ? 
yisx?%mn^tm?izmmffi%zki±i>*> 
hk,xhh . 0 i i mmt ixmm 

yv^ym&kn^mvmm i±k*^v?<ot 

^WM33b, mmm37b, *2*ffi:l/C**M 
is?0)±Mf£&3 9 b&litt. @l"Cs 32(iJira^ 

[0029] TgP«ffi3 3{iZ#7cft>I£ft9 
[0030] mV&®3 7ttTgPmSLt3 3CRj©$!& 

mu\ Kmkiim.fomzBfct&tzMzmtez 



mmmmhktxxt. tma ui <c 

H 3 ) 3 ] . Al (CH 3 ) C 1 . A1C l,fcitt>T*$ 
ttXr^Vt-^Ufcfft. H 2 C\ N 2 C\ N0 2 , o 3 ^i* 

tiE^PSxlf^^i/- (At om i c Layer E 
P i taxy) . 1M ^y«/^-(t^l«j£(cyc 1 i 
c C VD ) . r^>'^;Hk^*& (digital 

cvd) . A\cvD%t'mmmmizimx'Z 
&. ta. w^mmmt^y^-izmtfAk^- 
isy?tfztzmmm&imm^&zkmi i 

&®3 7ttT)H-VAMim. r;k5-^A*IWt 
$L Ta 2 0 5 , BST (BaSrTi0 3 ) s SrTi 
0 3 . PbTi0 3 . PZT (PbZr.Ti^.Oa) . 
PLZT (LaT'H-ty^$ix^PZT) . Y 2 0 3 . 
CeO;. Nb 2 0 5 , Ti0 2N Zr0 2 . Hf0 2 , Si 

o 2 . s iN&xvs isNtfr^mxmmztiz 
i£fd±2&±frt>m&ztihz\bmiu\ 
[003 1 3 ±a5«i63 9it~>v oymmxmtf&ti 

OMftSfti. 1 i L<tt2J3LhJ: 
U y^ny^t'O^tl^H-fy^Jix^y^ 

y 3 ymt fflmm&ztiizzmmx'h h z t t 

V\. A#Wfc(i. AWRkLTttA 1 , N i . Co, C 
Mo. Rh. Pd. Sn, Au, Pt, Ru, Ir 
Oi&g.m. W,MA±m^t LXiiT i.TiN.TiA 
IN, TaN. Ti S i N, WN , WBN, CoSiX 
ttW<0AR«. aWttiMUSfcLrttRuO,. Rh0 2 
XJ4I r0 2 A».4,4*||3&«»H f fefl*. ifcZSKfcL 

rii. a i fcirwfriBASfflL t i N^b'^m^mt 

SflfcjK'J J/y 3ydcoZ«SAW^ti.5. 

[ o o 3 2 1 ^coj: 3 iz±Mmm 3 9commm , r 

gpS®3 3J:0^<-rSifct=«tO. im-?Z£olz 

[ 0 0 3 3 ] § fefc, 4W^>¥»M(imk^ *ki,9 
OTS5«ffi3 3±C T«W»0*liIt«*ttS*T«r 
KBnfMS 3 7 0»jfiSr«afc1-**Sfl« 3 5 Sr^jS 

IJIETOT«3'3<o3ijii*a*ttfl:§-ii-6ai*ttlR, ft 
#«k:ji^y3>«MfcK, iswymsgeutz-tibv) 
Mi*mmf&ztix^&zbmin\ 
[ o o 3 4 ] 0 2 \z*micr>*mwm=F<7)m 2 emm 
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[0035] ^%mcr>m2<7)mmm^ 2 mi^^i >* 

inmtixm. ^y, y^nKzwrnw* 
Y-vyyztLfzi/vzy&WLe it. %%mmt ix 

mm. 

[ 0 0 3 6 ] BP*> . *^Hflcom 2 (OltJfc^lBfWWf* 
fliSB 1 <^OI»»k JtlW-6 1 . ->U 3 y»£6 1 a* 
TS»B 3 3 (c*HE U KS 6 7 ^JJWft 3 9 
fcJBBtfciOT**. H2-C, #Mf-f6 2(i^a% 

•r. 

[ 0 0 3 7 ] M6SR6 5fc836tt*«ftffi»-*"4 

mzmviztwmmLv. y-MeRR6 5*M 
^mmmmzx o mti ztuza'o. xf 7 a*v 

2 0 6 . BST. SrTi0 3> PbTi0 3 . PZT, P 
LZT\ Y 2 0 3 , Ce0 2 . Nb 2 0 5 . TiOj. ZrO 
2 ;Hf0 2 . SiOi. SiNi3<tT/Si 3 N 4 *^^& 

mx vwRztiz, 1 ttd±2&±£ mtf&tiiz t& 
coo38] wey- 7J4^y oy&wgx-m 

tfLZMZi'V 3 y£«6 1 i DttRWR**** HftRR 

xm&ztit 0 may- hmmemmi <n&mmz 
mtmrnt pww****^** - taw* l < , 

W£tf. Al. Ni, Co, Cu, Mo. Rh. Pd. 
Sn, Aiu Pt, Ru, I r(^Si« Ti. Ti 
N„ TiAIN, TaN. TiSiN. WN, WBN, 
CoSiiL<t4Wc0iSiSu£&JKR, Ru0 2 . Rh0 2 

mi ro 2 cntmw®ttmi>i<teztit>nm£itz. 

ftMH fc T*fi!fij^ h - e > y s ftfc * y ^ u 3 vis 
mm&LWz-mmx'®$LZtiz> z 1 mz i*\ - 

y x y 3 yRwrsfttWf . 

[0039] z<dx oizy- hm®6 7#s/y 

6 1 i 0 ttiw:* < fcfttr. sat «• i 3 fc v y 

[o°o40] ifm^^mmw^ y 3 6 1 ± 
«ciiiey-V«s»R6 3<mm-^z-tht^h^% 
me 3 , A#m wis^ y a yiwkH. * y 3 

»4£ftfc«>«£ftWI»S3ft* viz tmt u\ 



teR (y-MfiRftR> *»JfttSgWtctiv^. v'J 
R?*S£i:##*U*. 

[0041] yrx-immmi.. wtisfmt 
1 cvmmmi mt Lxwmmnmmmz 

mmzmitfmmxzi. w*>. ^-r'^oTWRS 

wmftmzy-t-mftmzmi. *wy?a±& 

[0042] mSRVmite&xft&^v^f&V 
H«Jff^»llMbarrier heig 

ht) fc*¥R0Bfc£WW9fc*UfcEIH'Ca*. 

[0043] jwwwui.' m3Mma*ws9®& 
y/sftfctfy^ysyfi-cffiisu n^i^^ffl 

Lfc*^ S I Sdf-fr^^fcfW-S 

timmx-hh. mw^ws-riiT&VMZ s ->y3 

ymt K^JBHIifeSfflv^SWfWR*- 6 0 AJf 3 

OttWWti&yt^V^T i NRT-flffifcU^ (WTs M 
I S^f^^^fcSvTS) X-&1. *5KBOM I S^r-v 

ty^stifcjK'j ^ y 3 yjrc««$<ifer®ircfli* 
zktrczi. 

[0044] 03S.IX04 1\ ±mHC]E#A^M 

mv%2mmft4 3£n&ix±mnm' s &wrf 
1. 

[0045] bZbX\ U4<tt%Pft?&*>^9£& 

m^x®mi. zm. -mvatismmtm 

[ 0 0 4 6 ] ifc, ±«Sfc*^^ T^«E* 5 E(JJD$ 
fttf, flWfKbi, b 2 fci&»4ffiajK*47a. 4 

<^:l>. ^ft. ia4O*%BH= J r^^V^c!0tDWI^Mift$ 
b,tt, 03O8^^^^W*SII!(tRSSbiJ:9 
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»4tt«3ft#4 7aJ:9**<**. 
[0047] H5(i^*^)S I S*A>K^&l*fc&BJ§ 

[0048] 05 izjkUz X o tcHRW^^fMf^-C 
tf &«WIS£$£ lE-7A/cmH:ILU 
ftJf, *^«om I S^T^isflZmkOS I Sdf +vt 

vsmm/fi i e - 7 a/ c m * v £ iw±tf& o . 

9V*#<,\ 

[0049]^J:? fcS»U04 Atf H6 Ki^T* 
«Hfc±a5m@fc<7)PtSii$(CiiaB-f!>. 06 T\ XM 
ttRBx*;l*f-fc*U YWiHSMS Jm 
axlJ12 5 t:T«B»«a»Kt* L, J m i n l± 2 
5CC<3BW«»«K*jirr. 06fcSrf J: IEA 

jfcDS'l S**Aj^{il. 42eV£jSU *»!H*> 
MI S*-W^?{42. 3 5eV£^-f. 
[00 50 3 .lOj^Kfi^OS I S^-Wti^k** 
giaMIS^tS^kfcttRKfcSIItfO. 93eV 
Hnei«S*$l»iB4(zR«L^PtSnSllb 
:-ak-*"*4. iot, **Dfc>MI S*+AC5^ 

*rtis9\m%in s i s i o itgifrttaHMrttt o . 

[00 51 ] B7ftt^8tt#«*f|BJ!0>M i s*-WC 

[00 52] ftftWfcli, WEE 1 . 2 VWk S ^)lflt 
ttffXtftt 1 E - 7 k v t a HMWr«»***tfc Ate 
it. *m&)M I s**;t5/*tftf^il«Hlt0)W;&# 
28AT*J>9. fi!*<0SI S^-W^tfHteMU 1A 
*5KB<0M I S^-w^tftfB^WRJf £»< 

[ 0 0 5 3 ] II 9 {ill 1 IE* Lfc* ■V'fS'^tfSWfMR 
A'-v>^g$r^t^^5 7T'SiO, 01 OfcUKTJI 

7-r* 0,011 im^Mmmm^x w^^isi 
[0054 ixmmmx'te. *m&* ^ts^m 



9M\3mm. a i cvD^tf. 

[0055] ±9BL<BMW-*itf. 09«^J;dt;^ 
ftgflL 0tt«r^y3y»K±fcTMA [A 1 (C 
H 3 ) ,] . Al (CH 3 ) C 1 , A1C l 3 5:if^S 

tt*wt-yw«, H 2 0, N 2 0. no 2 ; 0 3 &k' 

[0056] *£aBB!B"TO7/l'5 -^Atf-tr^rSfut 
RJEfttiTMAfcffifflU BHbyx£H 2 0#Xk LT 

a tcraaawc**-** * . 0 1 o 

X\ «&jStt4**'>x-y\o4"C^lA. ¥***x 
-'vtbfr&SMCl. 7 5<<>"f-<4. 45cm) CO* 
S**t6nT9 0aEIBHfc4ja, ¥*fc*x-M«M> 
Sra^3. 54 yf- (8. 89cm) ^WS*#tft 
PK' 9 0 ftHHft: 4 £<0ft 9 jST* h . 
[0 0 57] ifc. T^S-^K-ftJSSrXHS^Ht 
ft (XPS) £MjeLfck£$, 01 lfcil^l 21Z 

^■fidtcA 1 -oatfo-oe-^m^$*is 

kTyUS^^AkO^A^^^k^iS^ix^o 
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